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0.0 INTRODUCTION

The US Environmental Protection Agency (EPA) is dedicated to providing objective, reliable, and
understandable information that helps EPA protect human health and the environment while building
public trust in EPA’s judgement and actions. EPA’s decisions are always subject to public review and
may at times be subjected to rigorous scrutiny by those with a personal or financial interest in the
decision. It is, therefore, the goal of EPA to ensure that all decisions are based on data of known
quality.

This guidance manual will provide the EPA decision-maker with the ability to ensure that his/her
decisions are based on data of known quality. We will start with an overview of the tools and practices
available in the field of data quality assessment. Thereafter, we will concentrate on one particular data
quality assessment tool: data review. There are other factors affecting environmental data which are
outside the scope of this guidance, including: field screening samples vs. traditional lab methods, sample 
design issues, the number of samples to collect, etc. 

 Data quality assessment, broadly defined, is the process of evaluating the extent to which a data set
satisfies the project’s objectives. Not every set of data needs to be 100% perfect in order to make high
quality decisions. The objectives of your project will determine the overall level of uncertainty that you
as a decision-maker are willing to accept. Hence, depending on the project objectives, the type of data
quality assessment you choose may be either cursory or rigorous. In the Resource Conservation and
Recovery Act (RCRA) program, project objectives may require that the data reported be legally
defensible for enforcement purposes; or project objectives may simply require that data be of reasonably 
known quality because the data gathered are part of an ongoing quarterly monitoring effort where data
trends are reasonably understood from previous monitoring data. This manual provides the RCRA
project managers with assistance in selecting and developing the level of data quality assessment
appropriate for your project’s needs.

The first section of this manual introduces the reader to various tools which can be employed to assess
the quality of reported data. The second section of this manual focuses on data review as a means to
assess the quality of data and introduces the reader to data review terms and definitions. Knowledge of
these terms will help project managers communicate with their facilities and laboratories regarding
EPA’s data quality requirements. The third section of this manual details the up-front planning that is
needed to gather data which is tailored to the level of data quality review to be performed. The fourth
section of this manual introduces our “desk-top review” process. This newly created process provides
non-chemist project managers with data review guidelines which can be used by project managers at
their desk with little or no assistance. In the fifth section of this manual we discuss the procedures that
project managers should follow when their project objectives require that their environmental data be
fully validated. The final section presents case studies - actual data from real sites. 

0.1 Consistent Use of Terms

Before we discuss the various “tools” available to assess data quality, we need to point out an inherent
confusion within this field. Consistent definitions of terms like data validation, data review, and data
quality assessment do not exist. Sometimes these terms are used interchangeably. Other times, the terms
have different definitions to different groups. What one group includes in their data validation process



may not be included in another’s. And in preparing this manual we have coined a new term, the
“desk-top review”.

To simplify this confusion (at least for the sake of this manual) we will consistently use the terms in
accordance with the following definitions:

Data Quality Assessment: A broad term which encompasses data validation, “desk-top
reviews”, split-samples and any other process used to evaluate the quality of analytical data
collection and analysis process.

Data Review: The process by which laboratory analytical data reports are examined to evaluate
their quality; the process may be rigorous or cursory depending on the project’s objectives.

Data Validation: The formal, rigorous process in which experienced chemists evaluate the
quality of laboratory analytical data, check to see that results have been calculated correctly and
that reported hits have been correctly identified, and provide data qualifier flags and comments
to assist the data user in determining the usability of the data for their project.

Desk-top Review: A less-rigorous process which RCRA project managers (non-chemists) can
use to evaluate the quality of laboratory analytical data reports.

Figure 1: Data Quality Assessment Venn Diagram



 1.0 UP-FRONT PREPARATION 

1.1 Data Quality Objectives

Before any environmental samples are collected, data quality objectives (DQOs) should be established.
What are DQOs? Strictly defined, they are qualitative and quantitative statements derived from the
outputs of each step of the DQO process that:

1) Clarify the project objective(s)

2) Define the most appropriate type of data to collect

3) Determine the most appropriate conditions from which to collect the data

4)  Specify acceptable levels of decision errors that will be used as the basis for establishing the    
   quantity and quality of data needed to support the decision.

The outcomes of these steps are your DQOs; these are then used to develop a scientific and
resource-effective sampling plan.

Establishing DQOs is the most important part of any data collection activity because without clear
objectives and good planning, data may be unusable no matter how good a job the sampling crew and
laboratory does. For example, if one of the project objectives is to determine whether or not a waste
collected during the sampling activity is a hazardous waste because of its lead content, then some of the
data quality objectives would be that data must be representative of what is actually in the waste, and
that lead quantitation must be reliable at or below the regulatory threshold. Appropriate sampling and
analysis techniques must then be chosen. If the objectives are not properly determined ahead of time,
then the wrong sampling or analytical technique may be chosen. The laboratory might do an excellent
job of performing an analytical method, but if the detection limit for that method is above the regulatory
limit, then the data are unusable for the purpose of determining whether or not the waste is hazardous. 

The process of establishing DQOs is the responsibility of whomever is responsible for generating data
and making decisions based on that data. RCRA Project Managers should review the thought process
behind the DQOs presented by regulated facilities in some detail. If you are developing your own
sampling plan, then the DQO process is essential. Most experienced project managers go through the
steps informally when planning data collection, even if they don’t call the outcome DQOs. For all but
the most simple data collections, the process is likely to involve numerous people (chemists, risk
assessors, project managers, etc.), and is likely to cover multiple project objectives. EPA’s “Guidance
for Planning for Data Collection in Support of Environmental Decision Making Using the Data Quality
Objectives Process” (EPA QA/G-4), put out by the EPA headquarters, takes the reader step by step
through the process, and is helpful in formalizing the process. This document can be ordered directly
from EPA’s Office of Research and Development (ORD) Publication Office by calling (513) 569-7562. 



2.0 DATA QUALITY ASSESSMENT 

2.1 Quality Assurance/Quality Control (QA/QC) Samples

There are many Quality Assurance/Quality Control (QA/QC) samples that can be collected and
analyzed; however, it is not cost-efficient to require every QA/QC sample at every sampling event.
Hence, careful selection of appropriate QA/QC samples will control project costs and help ensure that
you will be able to assess the quality of the reported data. The following is a brief description of some of 
the QA/QC samples commonly used; they will be discussed in more detail later in this document, and
are included in the Glossary of Terms in Appendix A.

2.1.1 Artificially Introduced Contamination

Since contamination can be introduced into a sample at one or several different points during the
collection and handling process, identifying the source of contamination can be crucial. Several types of
blanks can be analyzed in an effort to identify and possibly isolate these sources. An example of the use
of different blank samples functioning together to isolate the source of introduced contamination is as
follows:

• A trip blank measures combined field and laboratory sources of artificially introduced
contamination. 

• A method blank measures only laboratory sources of artificially introduced contamination.

• Sources of contamination artificially introduced in the field or the laboratory can then be deduced
through comparison of these blanks.

Figure 2: Blank Samples and Artificially Introduced Contamination

The Venn diagram shown in Figure 2 indicates some of the blanks which may be used in the
sampling/analytical process. An equipment blank, for example, which is intended to measure cleanliness 
of the sampling equipment, could potentially be contaminated in the field, during transport to the lab, or
in the laboratory itself. A method blank, on the other hand, could only be contaminated during sample
preparation and analysis, as it never leaves the laboratory.



2.2 Field Audits

Field audits are a check of sample collection and sample handling procedures, and are conducted by
experienced field personnel. Field sampling is the “front-end” of the environmental measurement
process. Although field methods will not be covered in this manual, correct sampling technique is
critical to the overall success (or failure) of environmental monitoring. Field audits typically include:

• Preliminary research (document review) into the facility’s field sampling plan, standard operating
procedures, and Quality Assurance Project Plan.

• An on-site visit, which will include observation of field personnel as they perform all aspects of
the sampling program: field instrument calibration, equipment decontamination, well purging,
sample collection, sample packaging, and documentation. The on-site visit will also include a
review of field logs, chain-of-custody forms, field calculations, etc. The auditor will also talk
individually with field personnel to determine consistency of sampling procedures and adherence
to the approved field sampling plan. 

• A field audit report, detailing significant findings, and possibly, suggestions to correct
deficiencies.

2.3 Laboratory Audits

Laboratory audits are similar to field audits, and are usually conducted by a senior chemist with auditing 
experience. Laboratory audits may be initiated by regulated facilities, by the States (California’s ELAP
program conducts audits for certification of labs for hazardous waste analysis), or by EPA. Regulated
facilities have a financial stake in assuring that they are receiving good quality data. Data which is
rejected by the regulatory agencies is very expensive to regenerate. Lab audits include:

• Preliminary research (document review) into the lab’s operating plan, standard operating
procedures, Quality Assurance Project Plan, past performance on Performance Evaluation (PE)
samples, etc.

•  A site visit, where the auditor will examine documents at the lab (instrument run logs, calibration
logs, maintenance logs, etc), talk with the analysts performing the work, and observe their
performance in the laboratory.

• A lab audit report, detailing significant findings, and possibly, suggestions to correct deficiencies.

2.4 Split-samples

Split-samples are duplicate samples which are analyzed by two (or more) different labs. Although
split-samples are primarily used as a check of inter-laboratory performance, they can also serve as
duplicate samples to indicate sample heterogeneity. Split-samples are somewhat problematic, since there 
is no “correct” laboratory (just like there was no “right” answer on that final exam in Philosophy 101).
This tends to be especially problematic for heterogeneous samples such as soils or oily wastes, which
may have significant matrix interference and are difficult to analyze. Moreover, samples which contain
very low levels of contaminants, which is often the case with groundwater, may show a “non-detect”
result from one lab and a small, but measurable, value from the other lab, even though both labs are
using the same method. If the analytical results are significantly different, it may be necessary to do
further evaluation to investigate the causes of the discrepancy. Nevertheless, appropriately applied split
sampling data can provide valuable information. 



2.5 Performance Evaluation Samples

Performance evaluation (PE) samples are samples with known concentrations of certain target analytes,
and which are submitted “blind” to a lab as a check of laboratory performance. They may be “single
blind”, in which the laboratory knows that the sample is a PE sample but doesn’t know what is in it; or
“double blind”, in which the laboratory does not even know that the sample is a PE sample. Many labs
participate (and are often required to participate by regulatory agencies) in performance evaluation
studies. In these studies, the labs are sent single blind PE samples. Laboratory results from PE samples
are compared to the “true” concentrations. Usually, PE sample suppliers will collect data from numerous 
analyses of the PE samples and provide statistically derived “acceptance windows” for the results. The
results from single blind performance evaluation samples are useful to some extent, but may not be
indicative of the lab’s day-to-day performance. 

A single-blinded PE sample consists of a sample (often a small (1 ml) glass ampule or other container
that does not look like a typical environmental sample container) containing a specific amount of a given 
analyte or analytes. The laboratory receives the sample along with instructions on how to prepare and
analyze the sample. Obviously, the laboratory knows that the sample is a PE sample which will be used
to assess their performance. However, the laboratory does not know the “true” concentration of the
sample. (Note: Some people feel that single-blinded PE samples are not particularly useful because a lab 
knows it is being tested and will tend to perform its highest quality work.) 

A double-blind PE sample is prepared in a sample container identical to the ones used for the actual
environmental samples. The PE sample is then inserted into a batch of samples, and submitted to the
laboratory. Hopefully, the receiving lab is unaware that one of the sample containers is a PE sample and
will therefore treat all samples the same way. Consequently, the analytical results of the PE sample can
be compared to the certified concentration as a means of assessing laboratory performance. (Note: It can 
be very difficult to obtain double-blind PE samples and the logistics of having it included with a batch of 
samples can be complex since they generally are not as stable as single blind PE samples.)

Project managers can request from a laboratory a list of the performance evaluation studies that they
participate in and the results of the relevant PE samples they have analyzed. A project manager may also 
decide that his or her project is important or sensitive enough to send PE samples to the laboratory doing 
the analyses for the project themselves. PE samples may be purchased from commercial vendors or
arranged through EPA’s Environmental Services Branch. Project specific PE samples should ideally
include the analytes of concern for the project at approximately the concentrations present at the site.
This is not always easy to arrange, but the effort is often well worth it in terms of valuable information
about the lab’s ability to provide reliable results for a particular project. 

2.6 Data Quality vs. Data Usability

All data from environmental laboratories are estimates; some are just rougher estimates than others.
Some data of poor quality may still be usable. If a decision can still be made based on the data, then
re-sampling and re-analysis may not be necessary. Conversely, some data of relatively good quality may 
be unusable. Enough uncertainty in the quality of the data may exist to prevent a decision from being
made without an unacceptable risk that the decision will be wrong. The same piece of data may be
usable for some decisions, but not for others. Hence, data quality and data usability are interrelated but
independent.



2.7 Laboratory Data Deliverables

Commercial analytical laboratories present data in a multitude of formats, and often offer their clients
several choices of format and of the amount of information provided in the report. The amount of
information provided, or “data deliverables” are generally offered at three levels (or variations thereof). 

A basic report contains sample results only. It may include information such as detection limits and
dates analyzed, but not much more than that. Generally speaking, the RCRA corrective action program
should not accept this minimum level of information. A second level of data deliverable includes a
summary report of applicable lab QC measurement results (method blank, laboratory control standards,
lab duplicates, matrix spike and matrix spike duplicates, etc.). This level would be appropriate for a
desk-top review. The most expensive level of data deliverables would include not only the lab QC
summaries, but all of the raw data, including calibration data. The Superfund Contract Laboratory
Program (CLP) data package requirements are a popular, though far from universal, standard for
assembling this level of data deliverable. This level would be necessary for performance of complete
data validation.

When requesting facilities to submit analytical data to EPA, RCRA staff should consider whether they
expect to review the quality of the data themselves, by means of a desk-top review, or to send the
complete data package to an experienced chemist for data validation. If data will be sent to a chemist for 
validation, the data package requires considerably more information than we would need for a desk-top
review. Also, the level of information that corrective action facilities typically provide is more
appropriate for a desk-top review than for data validation (e.g., quarterly groundwater monitoring data).
Therefore, the request for additional analytical reporting requirements must be stated up front (before
the sample collection takes place); in the permit, order, or letter which requests the facility to collect
environmental samples. Keep in mind that a complete data package adds to the cost of analysis (10-50%
extra), so the facility may resist providing all this information. The complete list of documentation
requirements for data validation is in Appendix B. This list can be copied and attached to the appropriate 
permit/order/letter. 

The following flow chart has been prepared to assist project managers with the thought process behind
decisions concerning the appropriate level of data quality review. 



Figure 3: Data Quality Review Decision Flowchart



 3.0 ELEMENTS OF DATA REVIEW

Now we will begin our focus on one particular type of data quality assessment tool - data review. Before 
one can understand the applications and limitations of data review, one must be able to understand the
terminology used in the data review process. The following section defines and illustrates some of the
key terms. This section covers the types of QA/QC samples commonly used in data review and includes
a discussion of laboratory detection and quantitation limits. A more complete glossary is included in
Appendix A: GLOSSARY OF TERMS. 

3.1 QA/QC Samples Used in Data Review

3.1.1 BLANK SAMPLE: A generic term for a sample of analyte-free media (usually specially prepared
clean water) which is used to check for possible contamination during a specific point in the sample
collection and analysis procedure. For example, a trip blank is a sample of analyte-free media (water or
air) transported from the laboratory to the sampling site and returned to the laboratory unopened. A trip
blank is used to document contamination attributable to shipping and field handling procedures. This
type of blank is useful in documenting contamination of volatile organic samples. Blank samples are
usually collected for water and air, but not for soil. It is difficult to match a laboratory soil blank with a
field soil sample, due to variations in grain size, color, and texture. See also, EQUIPMENT BLANK,
METHOD BLANK, FIELD BLANK, STORAGE BLANK, and TRIP BLANK for specific applications
of blank QA/QC samples.

3.1.2 DUPLICATE: A generic term for a sample which is identical (i.e., collected at the same location,
at the same time and by the same procedure) to another sample. A duplicate is used to measure the
precision of a specific aspect of the sample collection and analysis procedure. Duplicate field samples
should be submitted “blind” to the laboratory, although variability in duplicate results may not always be 
an indication of poor laboratory performance, but sometimes of matrix variability. See also, FIELD
DUPLICATE, MATRIX SPIKE DUPLICATE, and LAB DUPLICATE for specific applications of
duplicate QA/QC samples.

3.1.3 LABORATORY CONTROL SAMPLE (LCS): A known matrix which contains compounds
representative of the target analytes. A laboratory control sample is used to document laboratory
performance. A LCS usually consists of interference-free water spiked with known concentrations of the 
target analytes. The spiking occurs at the lab prior to preparation and analysis. The theory behind a LCS
is that the laboratory should be able to reliably measure the concentration of a target analyte when that
analyte is spiked into interference-free water. 

3.1.4 MATRIX SPIKE: A known volume of an environmental sample spiked with a known
concentration of target analyte(s). The spiking occurs prior to sample preparation and analysis. The
measured value is compared with the known (spiked) value. A matrix spike is used to determine the bias 
of a method in a given sample matrix.

3.1.5 MATRIX SPIKE DUPLICATE:  Intra-laboratory (within the same laboratory) split-samples
spiked with identical concentrations of target analyte(s). The spiking occurs prior to sample preparation
and analysis. Matrix Spike Duplicates are used to assess the precision and bias of a method for a given
sample in a given sample matrix.



3.1.6 SURROGATE: (Also called System Monitoring Compounds) An organic compound which is
similar to the target analyte(s) in chemical composition and behavior in the analytical process, and
which is spiked into every sample and blank in the analytical batch. An example would be the use of
fluorinated organic compounds in an analysis which looks for chlorinated and brominated organic
compounds because they are all halogenated organics.

3.2 Detection and Quantitation Limits

This section contains basic information on detection and quantitation limits. 

3.2.1 DETECTION LIMITS: A generic term which identifies the lower limit at which you can
differentiate a measurement from background (“background” in this case is instrument noise, and
limitations due to dilution, etc.). The lowest level at which a “yes, the compound is present at or above a
given level” or a “no, the compound is not present at or above a given level” determination can be made. 
The application of this term is commonly the METHOD DETECTION LIMIT (MDL); defined as the
minimum concentration of an analyte that can be determined with 99% confidence that the true value is
greater than zero. However, it is important to recognize that other types of detection limits exist, such as
the INSTRUMENT DETECTION LIMIT (IDL), LIMIT OF DETECTION (LOD) and the CONTRACT 
REQUIRED DETECTION LIMIT (CRDL), and the REPORTING DETECTION LIMIT (RDL). Lab
reports often state “DL” without reference to the type of detection limit.

3.2.2 QUANTITATION LIMITS: A generic term which identifies the lower limit at which a
measurement can be quantified with a certain degree of confidence. The application of this term is
commonly the METHOD QUANTITATION LIMIT (MQL); defined as the minimum concentration of a 
substance which can be measured and reported. Other types of quantitation limits exist, such as the
PRACTICAL QUANTITATION LIMIT (PQL), LIMIT OF QUANTITATION (LOQ) and the
CONTRACT REQUIRED QUANTITATION LIMIT (CRQL). 

3.2.3 REPORTING LIMIT: The lower limit at which a laboratory reports data. This limit may have no
relationship to the detection limit, and is often project and/or site-specific. For example, a facility may
say to the laboratory, “My action level at this site is x. Don’t report anything below x.” Data reviewers
should carefully evaluate lab reports with “reporting limits” rather than detection limits.



4.0 DESK-TOP REVIEW

Varying degrees of data review can be performed. This section presents tips for the non-chemist on
reviewing environmental laboratory data and QC summary reports and determining data usability.
Appendix C: Desk-top Data Review Checklist contains a checklist which will help organize and
document your desk-top review.

4.1 Things To Keep in Mind When Reviewing Data

The following items should be kept in mind while evaluating data: 

• Project Objectives 

• Data Quality Objectives

• Action Limits

• Sensitivity of the Project and of Project Decisions

• Potential for Enforcement Actions/Decisions

• Environmental Impacts and Dollar Values of Decision Choices

• Existing Data

• Data Quality vs. Data Usability

• Can you identify problems which, if corrected, could improve data collected in the future?

Ideally, if data quality objectives are well thought out ahead of time, all of the other factors will have
already been factored into your DQOs. Still, as a reality check, it is best to be thinking about what you
are trying to accomplish by gathering environmental data as you are reviewing it.

4.2 Reviewing the Data 

Error in analytical data can originate from many sources. It is best to take a holistic approach when
reviewing data. Be sure to look at the whole data gathering and reporting process, and not just at one or
two steps. If possible, review sampling procedures and samplers’ notes along with the laboratory report.
The tips presented below assume that the reviewer has access to sampling information and a lab report
with QC summary results. Be aware that without having a chemist review the raw data, check
calculations, etc., you are taking it on faith that the results (both sample and QC) have been reported
correctly.

4.2.1 Overall Measurement System - From Sample Acquisition Through Reporting

Check sample collection procedures and samplers’ notes. Were correct procedures followed? Were
split-samples, performance evaluation samples, field blanks, and/or field duplicates submitted? Can
sample numbers reported on lab report be matched with site locations?

Compare lab analysis with project objectives and with the Sample Plan. Was the correct method run? Do 
the reported detection limits meet project requirements? Were the correct analytes reported (all of
them)? 



Compare split-sample results (if any). Split-samples are samples which are split in the field and then
sent to two different laboratories to be analyzed for the same analytes. Significant differences indicate
error somewhere in the overall measurement system. A good rule of thumb is that, for a pair of results
more than five to ten times the detection limit, the relative percent difference (RPD) between the two
results should not be greater than 50% or further investigation is needed to determine the sources of
error. Precision near the detection limit is often inherently poor due to instrument limitations, and higher 
RPDs are not unexpected. In case it is not apparent, RPDs cannot be calculated if one or both values
is/are reported as “below detection limits” or “non-detect (ND).”  

Figure 4: Use of Split Samples - Example Data

In the example shown above, split samples were analyzed at Data-R-Us and BestData labs. The Relative 
Percent Difference (RPD) for well MW-39 is:

RPD = Difference between split results

              Mean of split results x 100

RPD =    31-24                            7
             27.5 x 100  =           27.5   x 100 = 25.45%

The same formula is used to determine the RPD for duplicate samples (samples analyzed by the same
lab).

Check field, trip, and equipment blanks (if any). These give indications of possible contamination
somewhere in the sample collection or analysis process. If contamination is discovered refer to Section
2.1.1 on Artificially Introduced Contamination to see if the blanks can help isolate the source of the
contamination. Also, refer to Section 3.3 on Data Quality vs. Data Usability to see if some or all of the
data can still be used for decision making purposes. 



Figure 5: Use of Equipment Blank - Example Data

In the example shown above, the equipment blank (EB) contains hexane, probably due to inadequate
rinsing during the decontamination procedure. Sample MW-2, which contains 3 mg/l hexane, is
probably an artifact of the poor decontamination procedure. The example shown for chloroform,
however, is less intuitively obvious. In this case, both the field blank (FB) and well MW-1 should be
considered non-detect for chloroform, even though the concentration in well MW-1 is higher than the
field blank. Both results (4 and 16 ug/l) are likely due to contamination in the blank water. Chloroform
is a common disinfection by-product (breakdown product of chlorine), and low levels in blanks and
environmental samples are frequently encountered.

A comparison of blank samples can be useful in determining the source of contamination. Common field 
contaminants include decontamination solvents such as hexane, acetone, and methanol. Common
laboratory contaminants include acetone and methylene chloride in the volatile fraction, and some types
of phthalates, especially bis(2-ethylhexyl)phthalate, in the semi-volatile fraction. In the absence of any
other significant detected analytes, low levels of these contaminants can usually be ignored. 

Some contaminants, such as acetone, are common laboratory contaminants, but are also organic
breakdown products and typically present at hazardous waste facilities. In these cases, determining
whether a detected analyte is “real” or is an artifact of the sampling/analytical process can be a difficult
task. Comparisons of historical site data and known contaminants at the facility can be useful in
determining the source of contamination.

Check field duplicates (if any). Field duplicates are separate samples collected as close together in
space and time as possible, and sent to the lab “blind” (i.e., the lab doesn’t know that the two samples
are duplicates). Field duplicates differ from split-samples in that the duplicate samples are sent to the
same lab. Poor precision (RPD greater than 35% for water, 50% for soils, sediments, etc., though
acceptable precision is also method dependent) may indicate poor sampling technique, improper
handling, a heterogeneous sample matrix, or poor lab performance.

Figure 6: Use of Duplicate Samples - Example Data



In the example shown above, duplicate samples were analyzed at Data-R-Us Laboratory. The Relative
Percent Difference (RPD) for well MW-39 and the duplicate (MW-100) is:

RPD = Difference between duplicate results

              Mean of duplicate results x 100

RPD =    27-24                        3 
              25.5 x 100  =      25.5   x 100 = 11.76%

The same formula is used to determine the RPD for split samples (samples analyzed by different labs).
Note that the duplicate sample, MW-100 was sent “blind” to the lab, using a bogus well number, rather
than MW-39D, which would have identified it as a “D”uplicate sample.

44.2.2 Laboratory Performance 

4.2.2.1 A Note About QC Control Limits and Analytical Method Performance

Not all analytical methods are created equal. Some methods are inherently more precise or more
accurate than others. Some methods are used to analyze for a long list of target analytes. The method
may work very well for most of the analytes, but, since the method is designed to perform optimally for
the majority of the analytes, there may be a few “bad actors” that don’t “behave well” analytically. The
net result is that it is difficult to apply hard and fast rules as to what constitutes “good” performance. 

“Control limits” are ranges of acceptable results for each type of QC measurement. Hopefully, the
control limits for your project were well thought out and set up in advance when a Quality Assurance
Project Plan was written. More likely, you will receive a sheet of paper with a bunch of QC results, and
will have to figure it out after the fact. Most laboratories have their own internal set of control limits that 
they will use unless it is agreed upon beforehand to use project specific limits. If QC measurements do
not fall within the control limits, the laboratory should perform some appropriate corrective action, or, if 
the problem is related to the sample matrix, note the problem in the analytical report. This is not always
done.

Where do control limits come from? Often the laboratory will derive their own internal control limits
statistically from QC data generated at the lab. If applied correctly, this is a sensible approach since
different labs have different equipment and personnel, and what may be a “bad actor” in one lab may
perform better in another lab. Unfortunately, statistically derived control limits are not always applied
correctly, and a lab may end up with internal control limits that are so wide that even sloppy work is
“within limits”.

Control limits are method and analyte specific. For example, a 55% recovery for a chromium LCS run
on an ICP instrument would be considered pretty poor, and would probably be outside control limits, but 
for phenol in a method 8270 GC/MS LCS 55% might be as good as you’re going to get. Try to find out
before you begin your review what the appropriate control limits would be. The list below is intended to
give you a rough idea ONLY of how most analytical methods should be capable of performing. If you



notice a QC result outside of the ranges described below, you should consult with someone
knowledgeable about the method to see if the result is acceptable.

Lab QC Measurement Approx. Control Limits

Laboratory Control Sample Recovery 75% - 125%

Matrix Spike Recovery 65% - 135%

Surrogate Spike Recovery 75% - 125%

Laboratory Duplicate <20% (water) 30% (soil)

Matrix Spike/Matrix Spike Duplicate RPD <20% (water) 30% (soil)

 4.2.2.2 Checking Laboratory Performance

 Check laboratory case narrative (if provided). The case narrative should describe any problems that the
laboratory encountered, either due to laboratory error or sample matrix problems.

Check holding times. Missed holding times can have a drastic effect on results in some cases, and a
lesser effect in other cases. For example, missing the holding time for PCB analysis by one day probably 
doesn’t have a very great effect on data quality since PCBs are extremely stable in the environment.
Missing the holding time for volatile organics may have a much greater effect on data quality since, as
the name implies, the compounds are volatile. However, in either case, the data may not hold up in a
court of law since the holding times were missed. 

Check performance evaluation (PE) sample results (if any). Results should be within acceptable range as 
established by the vendor of the PE sample.

Check Laboratory Control Sample (LCS) results. These are usually expressed as percent recovery of
amount of analyte spiked into an interference free matrix (distilled/de-ionized water). Poor performance
indicates that the lab is having problems running the method properly. Performance is method specific.
For example, a 55% recovery for a chromium LCS run on an ICP instrument would be considered pretty 
poor, but for phenol in a method 8270 GC/MS LCS it might be as good as you’re going to get. If you see 
recoveries outside the 75 -125% window you should consult with someone knowledgeable about the
method to see if the recovery is acceptable. Occasionally a lab will run duplicate LCSs, and present
precision data in the form of a relative percent difference (RPD). This is very useful information. A lab
must be able to demonstrate good precision between duplicate LCSs or you can have no confidence in
their ability to generate reproducible data. If RPDs for duplicate LCSs exceed 20% for analytes of
concern there may be a problem. Consult with someone familiar with the method.

Check method blank results. Contamination in the method blank indicates that laboratory contamination
may also exist in your samples. Note however, that your data may still be usable, depending on the level
of analyte in your samples, degree of contamination, action levels, etc. Refer to Section 2.1.1 on
Artificially Introduced Contamination to see if the blanks can help isolate the source of the



contamination. Also, refer to Section 2.6 on Data Quality vs. Data Usability to see if some or all of the
data can still be used for decision making purposes. 

Check surrogate recoveries (if applicable) in method blank and LCS. As with the LCS, the laboratory
should be able to achieve surrogate recoveries within control limits, since the surrogate is spiked into an
interference-free matrix. Poor surrogate performance (i.e., outside the control limits) in blanks or LCS
indicates that the laboratory may be having trouble performing the method correctly.

4.2.3 Method Performance

 Check matrix spike and matrix spike duplicate recoveries (if applicable). Poor recoveries could indicate
that either the analytical method does not perform well on that particular sample matrix (due to
interfering substances present in the sample), or that the laboratory is performing the method poorly. 

Check laboratory duplicate or matrix spike/matrix spike duplicate precision. These are usually expressed 
as a relative percent difference (RPD). If RPD is not within control limits, it could indicate a
non-homogeneous matrix, poor lab technique, or that the method does not perform well on the matrix. In 
any case, poor precision casts doubt on all of the analyses because you can not be certain that the data
are reproducible.

Check surrogate recoveries (if applicable) in samples. Surrogate recoveries outside of control limits
indicate that the method is not performing properly for that specific sample. Poor surrogate recoveries
could indicate that the method is not well suited to the sample matrix, or that the laboratory is not
performing the method properly.



5.0 DATA VALIDATION

If the decisions that are to be made using your environmental data are sensitive, you might consider
having data validation performed by a trained chemist. Data validation differs from the desk-top data
review described above in that the reviewer will also look at raw data submitted by the laboratory and
check that analytes have been correctly identified, quantified, and reported. The reviewer will check
instrument calibration and performance data, recalculate results from the raw data, check that standards
used are correctly documented, traceable, and not expired, check that chain-of-custody documents are in 
order, and make sure that all documentation is present so that the entire analytical event can be
reconstructed for any sample analysis from the data provided in the data package. The data validation
report will usually include data qualifier flags that alert the data user that certain results may be
“estimated” or “rejected”. Comments in the report will explain the reasons behind the qualification and
indicate, where possible, whether a high or low bias can be expected in the data.

The “USEPA Contract Laboratory Program National Functional Guidelines for Inorganic Data
Review” (EPA-540/R94-013) and “USEPA Contract Laboratory Program National Functional
Guidelines for Organic Data Review” (EPA-540/R94-012) provide guidance for performing validation
of Contract Laboratory Program data. Other data validation guidance may exist, however we were not
able to find any data validation guidance specific to RCRA Corrective Action.



6.0 CASE STUDIES

The following two pages contain a case study which can help reinforce the information which has been
presented earlier in this document. The first page is a mock-up of the data as it was received from the
lab, consultant, facility, etc. Try examining the first page to see if you can identify any concerns with the 
data. On the second page are shaded boxes which explain the particular concerns with the data. Of
course, if you are in a hurry you could simply look at the back of each of these pages, but like most
learning exercises - the more effort you put into it, the more knowledge you get out of it. 

 



GAS CHROMATOGRAPHY / MASS SPECTROSCOPY RESULTS

TEST:    EPA 8260 (GC/MS CAPILLARY COLUMN FOR VOLATILE ORGANICS)
CLIENT: KNOCKEMDEAD, INC.
MATRIX: GROUNDWATER
PROJECT ID: 44108

     DATE      DATE DILUTION
LAB ID   CLIENT ID  SAMPLED ANALYZED FACTOR

  1 MW-18B  03-MAR-96 09-MAR-96     1.0
  2 MW-26R  03-MAR-96 09-MAR-96    1.0
  3 MW-9  03-MAR-96 09-MAR-96    1.0
  4 MW-9DUP  03-MAR-96  09-MAR-96    1.0
  5 FB  03-MAR-96 09-MAR-96    1.0
  6 EB   03-MAR-96 19-MAR-96    1.0
___________________________________________________________________________________

PARAMETER  UNITSDL   1   2   3   4   5   6
___________________________________________________________________________________

CHLOROMETHANE          ug/l 1 <1 <1 <1 <1 <1 <1 
VINYL CHLORIDE         ug/l 1 33 <1 42 47 <1 <1
ACETONE                ug/l 5 <5 14 <5 <5 <5 <5
1,1-DICHLOROETHENE   ug/l 1 12 <1 <1 <1 <1 <1
METHYLENE CHLORIDE  ug/l  1       <1 <1 <1 <1 <1 <1
CARBON DISULFIDE       ug/l  1       <1 <1 <1 <1 <1 <1
1,1-DICHLOROETHANE  ug/l  1  8     <1 <1 <1 <1 <1
TRANS-1,2-DICHLOROETHENE ug/l  5 79     <5 <5 <5 <5 <5
CHLOROFORM             ug/l 5 <5 11 <5 <5  7  5
1,1,1-TRICHLORETHANE ug/l  1  24     <1 <1 <1 <1 <1
2-BUTANONE (MEK)  ug/l 5 <5 <5 <5 <5 <5 <5
1,2-DICHLOROETHANE ug/l 1 18 <1 <1 <1 <1 <1
1,1,2-TRICHLORETHANE ug/l 1 <1 <1 <1 <1 <1 <1
TETRACHLOROETHENE ug/l 1  5 <1 14 11 <1 <1 

MATRIX SPIKE / MATRIX SPIKE DUPLICATE                                    Laboratory

 Spike MS % MSD %       QC Limits
CONSTITUENT (ug/l) Conc. Rec Conc. Rec. RPD RPD % Rec.
VINYL CHLORIDE  100  84 84  87  87  4 35 28-110
ACETONE 100  32 32  73  73 78 50 26-128
1,1-DICHLOROETHENE 180 166 92 140  78 17 22 35-105
1,1,1-TRICHLOROETHANE 150 136 91 128 128 35 24 60-110
TETRACHLOROETHENE 200 208  104 176  88   17 30 56-120
2-BUTANONE 150 112 __ 134    __ __ 28 40-120

Directions:
Circle any errors or information that might indicate problems with the analysis.
Calculate the % recoveries for the MS and MSD for 2-butanone ____________ 
What is the RPD between the MS and MSD for 2-butanone? ______________
Were the lab QC limits met for 2-butanone? ___________________________
What is the RPD of Vinyl Chloride in Samples 3 and 4?___________________
What is the RPD of PCE in Samples 3 and 4?__________________________



APPENDIX A: GLOSSARY OF TERMS

ACCURACY: The closeness of agreement between an observed value and the true value. PRECISION
is a measure of the reproducibility of a value, without knowledge of the true value. The classic example
used to illustrate these terms is a dartboard example: The placement of four darts thrown at a dartboard
is considered accurate if the darts are each close to the bullseye (regardless of their proximity to one
another). The placement is considered precise if the darts are all grouped closely together, regardless of
their distance from the bullseye. Hence, to be both accurate and precise the four darts would need to be
grouped closely together and be close to the bullseye. 

ANALYTE: That which is analyzed for. This can be chemical (chromium, benzene), biological (fecal
coliform bacteria), mineral (asbestos fibers), or radiological (alpha and beta emissions).

BATCH: A group of samples which are processed together by the laboratory. Ideally, all the samples in
a batch will be similar enough that matrix QC measurements performed with the batch will be
representative of all of the samples in the batch. 

BIAS: The difference between the reported result and the true result. Bias may be introduced through
field or laboratory variability and error or due to substances in the sample which interfere with the
analytical system’s ability to provide an accurate measurement. Since the true concentration of an
analyte in an environmental sample is generally never known, bias is estimated by using surrogates,
matrix spikes, laboratory control standards, and other indicators of analytical accuracy. 

BLANK: See EQUIPMENT BLANK, FIELD BLANK, METHOD BLANK, STORAGE BLANK, or
TRIP BLANK. [See also § 3.1.1 and § 4.2.1]

BLANK SPIKE: See LABORATORY CONTROL STANDARD

BLIND: A term used to denote various types of QA/QC samples which are submitted to a laboratory for
analysis without the laboratory knowing that they are QA/QC samples. Sometimes the terms “single
blind” and “double blind” are used. See PERFORMANCE EVALUATION (PE) SAMPLE for a
definition of these two terms. [See also § 2.5] 

 CALIBRATION: The process of correlating instrument signal response with analyte concentration. An
instrument must be properly calibrated in order to produce accurate results.

CONTRACT REQUIRED DETECTION LIMIT (CRDL): The minimum level of detection acceptable
under the Superfund Contract Laboratory Program (CLP) statement of work for inorganic analysis. [See
also § 3.2]

CONTRACT REQUIRED QUANTITATION LIMIT (CRQL): Minimum level of quantitation
acceptable under the CLP statement of work for organic analysis. [See also § 3.2]

CONTROL LIMITS: Ranges of acceptable results for each type of QC measurement. They may be set
up on a project specific basis, or they may be derived internally at a laboratory from historic QC
performance data. [See also § 4.2.2.1]



CONTROL SAMPLE: A quality control sample introduced into a process to monitor the performance of 
the system. See also, LABORATORY CONTROL SAMPLE. [See also § 3.1.3 and § 4.2.2.2]

DATA QUALITY ASSESSMENT: A broad term which encompasses data validation, “desk-top
reviews”, split-samples and any other process used to evaluate the quality of analytical data collection
and analysis process. [See also § 0.1]

DATA QUALITY OBJECTIVES (DQOs): A statement of the overall level of uncertainty that a
decision-maker is willing to accept in results derived from environmental data. This is qualitatively
distinct from quality measurements such as precision, bias, and detection limit. [See also § 1.1]

DATA REVIEW: The process by which laboratory analytical data reports are examined to evaluate their 
quality; the process may be rigorous or cursory depending on the project’s objectives. [See also § 0.1]

DATA VALIDATION: The formal, rigorous process by which trained chemists evaluate the quality of
laboratory analytical data reports, check for calculation errors and analyte identification errors, and
provide data qualifier flags and comments to help the data user determine the usability of the data for
their intended use. [See also § 0.1]

DESK-TOP REVIEW: A less-rigorous process which RCRA project managers (non-chemists) can use
to evaluate the quality of laboratory analytical data reports. [See also § 0.1]

DUPLICATE: See FIELD DUPLICATE, MATRIX SPIKE DUPLICATE, and LAB DUPLICATE. [See 
also § 3.1.2 and § 4.2.1]

ENVIRONMENTAL SAMPLE: A sample taken un-altered (as much as possible) from the environment
(as opposed to a blank, PE sample, matrix spike sample, etc.).  

EQUIPMENT BLANK: A sample of analyte-free media (e.g., clean water poured over a bailer), which
has been used to rinse the sampling equipment. The equipment blank is collected after completion of
decontamination and prior to collection of  environmental samples. This blank is useful in documenting
adequate decontamination of sampling equipment. An Equipment Blank may also be referred to as a
Rinsate Blank. [See also § 2.1.1, § 3.1.1, and § 4.2.1]

FIELD BLANK: A sample containing an analyte-free matrix which is collected and processed in exactly 
the same manner as an equivalent environmental sample (e.g., clean water is poured into a sample
container in the same physical location where the environmental sample is collected, and is subsequently 
handled, processed and analyzed exactly as an equivalent environmental sample). The field blank is used 
to identify contamination resulting from field sample collection techniques. [See also § 2.1.1, § 3.1.1,
and § 4.2.1]

FIELD DUPLICATES: Separate and independent samples collected as close together in space and time
as possible. These duplicates are analyzed separately, and are useful in documenting the precision of the
sampling and analysis process. Field duplicates differ from split-samples in that field duplicates are sent
to the same lab. [See also § 3.1.2 and § 4.2.1]

INSTRUMENT DETECTION LIMIT (IDL): Smallest signal above background noise that an instrument 
can detect reliably. [See also § 3.2]



LAB DUPLICATE (may also be called SAMPLE DUPLICATE): Two portions of the same sample that
are prepared and analyzed separately by the laboratory. Used to evaluate laboratory precision. [See also
§ 3.1.2 and § 4.2.1]

LABORATORY CONTROL SAMPLE (LCS): A known matrix which contains compounds
representative of the target analytes. A laboratory control sample is used to document laboratory
performance. A LCS usually consists of interference-free water spiked with known concentrations of the 
target analytes (if the list of target analytes for a particular analysis is long, the LCS may contain a
subset of the target analytes). The spiking occurs at the lab prior to preparation and analysis. The theory
behind a LCS is that the laboratory should be able to reliably measure the concentration of a target
analyte when that analyte is spiked into interference-free water. Sometimes referred to as a BLANK
SPIKE. [See also § 3.1.3 and § 4.2.2.2]

LIMIT OF DETECTION (LOD): The lowest concentration that can be determined to be statistically
different from a blank. [See also § 3.2]

LIMIT OF QUANTITATION (LOQ): The concentration above which quantitative results can be
obtained with a specified degree of confidence. [See also § 3.2]

MATRIX: The component which contains the analyte of interest (e.g., surface water, drinking water, air, 
soil, tissue, etc.).

MATRIX INTERFERENCE: Bias introduced because something in the sample interferes with the
analytical system’s ability to provide an accurate measurement. The interference may be physical
(turbidity in storm water run-off may block light transmission in an analysis based on U.V. absorbance),
or chemical (a chemical similar to the analyte of interest may increase the response of the instrument,
resulting in a positive bias).

MATRIX SPIKE: A measured amount of sample spiked with a known concentration of target
analyte(s). The spiking occurs prior to sample preparation and analysis. A matrix spike is used to assess
the bias of a method in a given sample matrix. [See also § 3.1.4 and § 4.2.3] 

MATRIX SPIKE DUPLICATES: Intra-laboratory (within the same laboratory) split-samples spiked
with identical concentrations of target analyte(s). The spiking occurs prior to sample preparation and
analysis. Matrix Spike Duplicates are used to assess the precision and bias of a method in a given
sample matrix. [See also § 3.1.2, § 3.1.5 and § 4.2.3]

METHOD BLANK: An analyte-free matrix which is prepared and processed at the lab in exactly the
same manner as an equivalent environmental sample (i.e., all reagents are added in the same volumes or
proportions as used in sample processing). The method blank is used to document contamination
resulting from the analytical process. [See also § 2.1.1, § 3.1.1 and § 4.2.2.2]

METHOD DETECTION LIMIT (MDL): The minimum concentration of a substance that can be
measured and reported with 99% confidence that the analyte concentration is greater than zero. [See also 
§ 3.2]

METHOD QUANTITATION LIMIT (MQL): The minimum concentration of a substance that can be
quantified with confidence. [See also § 3.2]



PERFORMANCE EVALUATION (PE) SAMPLES: Samples with known concentrations of certain
target analytes, and which are submitted “blind” to a lab as a check of laboratory performance. [See also
§ 2.5]

PRACTICAL QUANTITATION LIMIT (PQL): The lowest concentration that can be reliably achieved
within specified limits of precision and accuracy during routine laboratory operating conditions. The
PQL is (by definition in SW-846) 5 to 10 times the Method Detection Limit (MDL). [See also § 3.2]

PRECISION: A measure of the reproducibility of a result. This should not be confused with
ACCURACY. An analytical system may be very precise (give you the same result no matter how many
times you run the analysis) but very inaccurate at the same time. See ACCURACY

QUALITY ASSURANCE: An integrated system or program of activities involving planing, quality
control, quality assessment, reporting and quality improvement to ensure that a product or service meets
defined standards of quality with a stated level of confidence. In other words, QA is the overall strategy
for obtaining a quality product.

QUALITY CONTROL: The system of routine technical activities whose purpose is to measure and
control the quality of a product or service so that it meets the needs of users. In other words, QC
activities are the tactics which are used to measure and control quality.

REAGENT BLANK: See METHOD BLANK

RELATIVE PERCENT DIFFERENCE: A measure of precision. The relative percent difference (or
RPD) between duplicate analyses is calculated as follows [See also § 4.2.1,  § 4.2.2.2 and § 4.2.3]:

       |Difference between duplicate results |
RPD = ———————————————————————-  x 100%
          Mean of duplicate results

REPORTING LIMIT: The lower limit at which a laboratory reports data. This limit may have no
relationship to the detection limit, and is often project and/or site-specific. For example, a facility may
say to the laboratory, “My action level at this site is ‘x’. Don’t report anything below ‘x’.” Data
reviewers should carefully evaluate lab reports with “reporting limits” rather than detection limits. [See
also § 3.2]

RINSATE BLANK: See EQUIPMENT BLANK

SPIKE: Known amount of analyte that is introduced purposely into a sample (either an environmental
sample or a blank) for the purpose of determining whether or not the analytical system can accurately
measure the analyte.

SPLIT SAMPLES: Samples taken from the same source and/or location at he same time and sent to two
different laboratories to be analyzed independently. They are used to assess inter-laboratory precision,
and the possibility of large errors at one lab or the other. [See also § 4.2.1]

STANDARD REFERENCE MATERIAL (SRM): An environmental material (soil, sediment, ore, type
of waste) with a known and certified concentration of analyte(s) in it. SRMs are analyzed and used to



assess method accuracy on a particular matrix. They are sometimes used in place of Laboratory Control
Standards. SRMs are very useful if the SRM is a similar matrix to the types of samples being analyzed.
Unfortunately, only a limited number of types of SRMs are available.

STORAGE BLANK: Analyte free water placed in the refrigerator or other storage area at the laboratory
with environmental samples. Used to evaluate whether or not samples may be cross-contaminating each
other in storage, or whether a source of contamination exists in the storage area. [See also § 3.1.1]

SURROGATE: An chemical which is similar to the target analyte(s) in chemical composition and
behavior in the analytical process, but which is not expected to be present in the sample. Surrogates are
added to the all the environmental samples, blanks, and QC samples in the analytical batch during the
preparation stage of the analysis. Surrogates are use to monitor the performance of the analytical
process. An example would be the use of fluorinated organic compounds in an analysis which looks for
chlorinated and brominated organic compounds. Surrogates may also be called SYSTEM
MONITORING COMPOUNDS. [See also § 4.2.2.2 and § 4.2.3]

TARGET ANALYTE: A chemical that is being looked for in an analysis.

TENTATIVELY IDENTIFIED COMPOUND (TIC): A compound which is outside the standard list of
analytes in a GC/MS method, but which is reported based on a tentative match between the instrument
response and the instrument’s computer library. The identification and quantitation of these compounds
is tentative.

TRIP BLANK: A sample of analyte-free media (such as distilled/de-ionized water) taken from the
laboratory to the sampling site and returned to the laboratory unopened. A trip blank is used to document 
contamination attributable to shipping and field handling procedures. This type of blank is useful in
documenting contamination of volatile organic samples. [See also § 2.1.1, § 3.1.1, and § 4.2.1]



APPENDIX B: SUMMARY OF DOCUMENTATION REQUIREMENTS FOR DATA
VALIDATION

Organic Data

1. Case Narrative

2. Chain-of-Custody Documentation

3. Summary of Results

• Form listing the Environmental samples, with quantitation limits 
(include dilutions and re-analyses)

4. QA/QC Results Summaries

• Initial calibration

• Continuing calibration

• Method blanks

• Surrogate recoveries

• Matrix spike (MS)

• Laboratory duplicate or matrix spike duplicate (MSD)

• Laboratory QC check sample, if applicable

• Retention time windows

• Method detection limits (MDL)

5. Raw Data - chromatogram and area/quantitation limits

• Environmental samples (include dilutions and re-analysis)

• Instrument tuning, for mass spec (GC/MS) analyses

• Initial calibration

• Continuing calibration

• Method blanks

• Surrogate recoveries

• Matrix spike (MS)

• Laboratory duplicate or matrix spike duplicate (MSD)

• Laboratory QC check sample, as applicable

• Retention time windows

• Percent moisture in soil samples

• Sample extraction and clean-up logs

• Instrument analysis run log for each instrument used



Requirements for Data Validation

Inorganic Data

1. Case Narrative
2. Chain of custody documentation
3. Summary of results 

• Form listing the Environmental samples, with quantitation limits 
(include dilutions and re-analyses)

4. QA/QC Results Summaries

• Initial calibration

• Continuing calibration

• Method blanks, continuing calibration blanks, and prep blanks

• ICP interference check sample

• Matrix spike (MS)

• Laboratory duplicate

• Laboratory control sample 

• Method of standard additions

• ICP serial dilution 

• Instrument detection limits

• ICP linear range

5. Raw Data - sequential measurement readout records for ICP, graphite furnace AA, flame AA, cold
vapor mercury, cyanide and/or other inorganic analyses

• Environmental samples (include dilutions and re-analyses)

• Initial calibration

• Continuing calibration

• Continuing calibration and Preparation blanks

• Matrix spike (MS)

• Post digest spikes

• Method of standard additions, when applicable

• Laboratory duplicate or matrix spike duplicate (MSD)

• ICP serial dilutions

• Laboratory control samples, when applicable

• Percent moisture in soil samples

• Sample digestion and/or sample preparation logs

• Instrument analysis run log for each instrument used

• Instrument tuning data, for ICP-MS, when applicable



APPENDIX C: DESK-TOP DATA REVIEW CHECKLIST 

This checklist includes items that a knowledgeable non-chemist can review when determining data
usability.

I. Overall Measurement System

• Correct sampling procedures followed?

• Correct method run?

• All analytes reported?

• Detection limits meet project requirements?

• Split-sample results (if any) not significantly different?

• Contamination in field, trip, or equipment blanks?

• Field duplicate results (if any) acceptable?

II. Laboratory Performance

• Does laboratory case narrative (if provided) note any analytical problems?

• Holding times met?

• Performance Evaluation (PE) sample results (if any) acceptable?

• Laboratory Control Sample (LCS) results within control limits?

• Contamination in method blanks?

III. Method Performance

• Matrix spike/matrix spike duplicate recoveries within control limits?

• Lab duplicate and/or matrix spike/matrix spike duplicate precision within control limits?

• Surrogate recoveries (where applicable) within control limits?


